The enclosure system is an increasingly popular approach for land rehabilitation among communities inhabiting the arid and semi-arid lands in Africa. However, the mixed results associated with its adoption by households call for an in-depth understanding of the management regimes. This study was conducted in Chepareria ward in West Pokot County to characterize enclosure management regimes and determine factors which influence their choice among agropastoralists in Chepareria. Enclosures in Chepareria were mainly used for livestock-based agropastoralism (78.3 %) while crop-based agropastoralism accounts for 21.7 %. The dominance of livestock-based enclosure management regimes in Chepareria indicates that livestock production is still the mainstay of agropastoralists in Chepareria while diversification of land use is common where rain-fed agriculture allows as evidenced by the adoption of crop-based enclosure regimes in the wetter regions of Chepareria. The choice of management regimes was mainly influenced by agroecological zonation and land tenure (P ≤ 0.01), and number of livestock owned and household income (P ≤ 0.05). Enclosures were mainly established to alleviate pasture scarcity and create stable environments for the local Pokot pastoral community by restoring degraded rangelands. However, the continuous adoption and adaptation of enclosures has enabled agricultural diversification by increasing flexibility on land, fodder and livestock management including the adoption of alternative income-generating activities among enclosure owners in Chepareria. Enclosure owners may continue to diversify or intensify enclosure management regimes as influenced by agroecological zonation, land tenure, number of livestock owned and household income.
Background
The use of enclosures is an increasingly popular approach for rehabilitating degraded lands in Africa. Land degradation remains, however, a key environmental concern globally, especially in the drylands which cover about 41 % of the land area globally (MA 2005) , 43 % in Africa (AU-IBAR 2012) and 22 % in Kenya (Kirui and Mirzabaev 2014) . Drylands are home to more than two billion people in the world (Reynolds et al. 2007) , 90 % of whom live in developing countries (UNEP 2007) . In Kenya, a country where up to a third of the its population directly depends on land that is already degraded or in the process (Bai and Dent 2006) , the need to address land degradation in rangelands cannot be underestimated. Previous attempts to rehabilitate/restore degraded rangelands globally (MA 2005; AU-IBAR 2012) and in Kenya have failed. However, enclosures have emerged as a successful management tool for the rehabilitation of degraded rangelands as evidenced by studies in East Africa (Behnke 1986; Gaani et al. 2002; Nedessa et al. 2005; Mekuria et al. 2007; Keene 2008; Mwilawa et al. 2008; Beyene 2010 ) and in Kenya (Kitalyi et al. 2002; Wasonga 2009; Verdoodt et al. 2009 Verdoodt et al. , 2010 Verdoodt et al. , 2013 Mureithi et al. 2010; Opiyo et al. 2011; Kigomo and Muturi 2013) .
In a bid to address land degradation as an emerging ecological and socio-economic challenge in Chepareria, the Vi Agroforestry (Vi-AF) organization conducted intensive extension on agroforestry and enclosure establishment in Chepareria (Makokha et al. 1999 ). The continuous adoption and adaptation of private enclosures since they were first introduced in 1987 was influenced by several factors, among them increasing land degradation and drought which resulted in general scarcity of good grazing (Makokha et al. 1999) . Private enclosures were established to address land degradation in Chepareria by providing flexibility in land, fodder and livestock management including the adoption of alternative income-generating activities (Wairore 2015) .
Despite the general success of enclosure in rangeland rehabilitation, the variability of rehabilitation success in Chepareria (Makokha et al. 1999 ) and in Baringo rangelands ) has pointed out that individual management decisions play a critical role in promoting successful rangeland rehabilitation. There are observed difficulties in managing enclosed areas in Chepareria (Makokha et al. 1999) , restoring vegetation in some private enclosures with lower biomass in Baringo ) and interpreting already collected data on soil organic carbon (SOC) in Chepareria (Svanlund 2014) . These difficulties have raised pertinent questions on the possibilities of presently rehabilitated rangelands in Chepareria reverting to their previously degraded state due to inappropriate private enclosure management systems.
A few studies have documented the management of private enclosures Verdoodt et al. 2010) . While these studies outlined the utilization of communal and private enclosures in the Lake Baringo Basin, there are increasing calls for further investigation on the applied past and present management systems of private enclosures in Chepareria (Svanlund 2014) . Studies have been conducted on driving forces in the expansion of enclosures (Beyene 2010) . However, limited information exists on factors influencing the choice of enclosure management regimes/systems. In discerning enclosure management regimes and factors influencing their choice, we reiterate the concerns of Keene (2008) in questioning what could right holders do with their enclosures. This paper therefore seeks to characterize enclosure management regimes and identify factors which influence their choice among agropastoralists in Chepareria. This information will enable interpretation of already collected enclosure data and may also be used as a guide to identify areas of action in enclosure decision-making, management and the development of appropriate and productive enclosure management strategies to ensure that enclosed areas in Chepareria do not revert to their previously degraded state.
Study area
The study site is located in Chepareria ward within latitude 1°15′ and 1°55′ N and longitude 35°7′ and 35°27′ E in North-Western Kenya (Fig. 1) . The area has gently undulating plains surrounded by mountain ranges with peaks of up to 3,000 m. Rainfall in Chepareria averages 600 mm per year. According to the National Drought Management Authority (NDMA), Chepareria has a bimodal rainfall pattern, with a long rainy period between March and May and short rainy period from August to November (NDMA 2014) . The average annual temperature in West Pokot County ranges from 15°C to 30°C in the highlands and 24°C to 38°C in the lowlands (County Government of West Pokot 2013).
The soil types vary from shallow and friable in the lowlands to deep, well-drained, reddish brown sandy loams in the upper regions of Chepareria while soil fertility varies from low to moderate (Sposito 2013 ). The vegetation is mainly steppe-like, dominated by grasslands and interspersed native and exotic tree species. Some of the dominant native tree species include Terminalia brownie, Balanites aegyptiaca and Kigelia africana, among others, while the introduced tree species include Croton spp., Azadirachta indica, Grevillea robusta and Ficus spp. (Svanlund 2014) .
According to the Kenya National Bureau of Statistics (KNBS), the population of Chepareria ward is approximately 41,563 persons (KNBS 2009). The Pokot community is the dominant tribe in the study area. Though originally a pastoral community, they have diversified into other forms of production to meet livelihood needs. There is a great variation in rainfall received (total amount and distribution) within Chepareria influencing livelihood zones as indicated in Fig. 2 . Ywalateke location which is on the higher areas of Chepareria is mainly a mixed farming area, while the lower areas of Chepkopegh and Morpus locations are agropastoral livelihood zones (Fig. 2) .
Enclosures in Chepareria
Many dryland areas in sub-Saharan Africa (SSA) have a history of overgrazing and land degradation resulting in low productivity, frequent droughts, conflicts over resources and marginalization (economic and political) of pastoral communities (Opiyo et al. 2011) . The use of enclosures as a management tool for the rehabilitation of degraded rangelands in Chepareria and the Lake Baringo Basin has proven that it is a successful restoration approach/technique in drylands (Makokha et al. 1999; Mureithi et al. 2010) . In Chepareria, enclosures were mainly established for land rehabilitation, fodder production, land and livestock management (Kitalyi et al. 2002) . Since 1987 when enclosures were first introduced by Vi-AF to address land degradation and increase fodder production in Chepareria, the use of enclosures as a management tool has been high. By offering flexibility in fodder, land and livestock management, Chepareria residents have not only been able to reduce land degradation but have also witnessed a transformation in livelihoods, land use and agricultural production systems (Wairore 2015) . Due to the continuous adoption and adaptation of enclosures witnessed in the ward, enclosures are now the dominant form of land management, one which is fostering agricultural system diversification in Chepareria.
Methods

Data collection
Purposive sampling was used to select Chepareria ward for this study. This is an area where NGO Vi Agroforestry conducted intensive extension on agroforestry and enclosure establishment in West Pokot County. The study was conducted in the three locations of Chepareria where Vi Agroforestry was active, namely Ywalateke, Chepkopegh and Morpus.
Using a checklist of more than 400 enclosure owners in each location, systematic random sampling was used to select 40 enclosure owners in each of the three locations in Chepareria ward to attain a sample of 120 households.
A semi-structured questionnaire was used to collect data on household demographic characteristics, age of enclosure since establishment, the number and size of enclosure, enclosure income, enclosure management practices/regimes, enclosure ownership and distance from enclosure to tarmac and Chepareria market. Focus group discussions (FGDs) and key informant interviews (KIIs) were used to complement the information gathered through the semi-structured questionnaire. Five KIIs and eight FGDs were conducted to clarify and give more insights on aspects of enclosure management, ownership/tenure, size and reasons for enclosure establishment. Literature review was used to contextualize the study while observation was critical in identifying the stated management systems.
Data analysis
The collected data were analysed using the Statistical Package for the Social Sciences (SPSS). Descriptive statistics were used to determine the applied enclosure management systems/regimes. The results were presented in forms of percentages, means/averages and standard deviations (SD). Further, bivariate correlations were done to determine factors influencing the choice of enclosure management regimes among agropastoralists in Chepareria. Pearson's coefficient two-tailed test of significance was used to detect significant correlations between enclosure management systems and the various hypothesized factors.
Description of factors hypothesized to influence the choice of enclosure management regimes
Agroecological zonation (AEZ). The humid and wet regions will support rain-fed agriculture hence cropbased enclosure regimes while the drier areas are more likely to support livestock-based management regimes. Agroecological zonation is hypothesized to have a negative effect on enclosure regimes.
Land tenure. Individuals with title deeds are more likely to adopt crop-based regimes while those still operating under the group ranch scheme have a livestock-based management system. Formalization of land tenure is hypothesized to encourage diversification in management regimes.
Age of household head (years). The age of the household head (HH) influences their access to education. It is therefore likely that the age of the household head will negatively influence management regimes in that the younger enclosure owners, in this case youths (18 to 35 years), will adopt improved and productive management regimes in a bid to diversify income derived from enclosure use.
Education level of household head. Education is an important entry point for the empowerment of pastoral communities. In enclosure management, the education level of pastoral households may be significant in identifying appropriate enclosure management systems for sustainable land management. Education plays a significant role in influencing household income, technology adoption and the socio-economic status of the family as a whole (Ejigu et al. 2009 ) and is hypothesized to positively influence enclosure regimes.
Livestock owned. The number of livestock in a household is likely to positively influence applied enclosure management regimes or systems. This hypothesis is likely to hold if there is a positive significant correlation between the number of livestock owned and total household income. Households with large herds will practise livestock-based agropastoralism while those with smaller herds are likely to adopt enclosure regimes with complementary or subsistence land use practices.
Enclosure acreage (ha). Households with large enclosure sizes are likely to practise livestock-based agropastoralism due to adequacy of pasture, particularly during the dry season. They are also likely to diversify income by engaging in other income-generating land use options such as contractual grazing. On the other hand, those with smaller enclosures are likely to practise crop-based agropastoralism where rains permit. In areas with poor rainfall, they are likely to practise livestock-dominated regimes with complementary crop and fodder production to supplement livestock pasture particularly during critical grazing periods.
Distance to market (km). Households with proximity to markets are more likely to adopt market-oriented production practices compared to households located far from such markets. It is hypothesized that distance to market will negatively influence enclosure regimes with those closer to the market practising market-oriented livestock or crop-dominated production practices.
Household income (US$). It is hypothesized that rich households are more likely inclined to practise diverse land use practices than the poor since agropastoralists in the former do not find sufficient feeds for their large herds in times of grazing scarcity. Since this research was conducted in 2014, household income was determined based on the preceding year -2013.
Results
Household and enclosure characteristics of the sampled population Most (73.3 %) of the households interviewed were headed by males. The majority (42.5 %) of the respondents were aged between 36 and 50 years. The respondents under 36 years made 37.5 %, while those over 50 years made 20 % of the sample. The majority of the respondents (56.3 %) had attained basic primary education, while 8.4 % had attained secondary education. Only 5.9 % had attained post-secondary education. However, education is still a challenge as 29.4 % of the respondents had not gone through formal education. The household had an average family size of 7 ± 3 (±SD).
The enclosure survey showed that 51.7 % of respondents formally own the enclosed areas through title deeds or allotment letters. On the other hand, 48.3 % of the respondents informally own land which is still held under the group ranch scheme. Most enclosures were established 16 years ago and have an average acreage of 5.01 ha. Other characteristics of sampled enclosures in Chepareria are indicated in Table 1 .
Enclosure management regimes
Across the study area, livestock-based regimes were found to account for 78.3 % while crop-based regimes accounted for 21.7 % of the sampled enclosures. Within the livestock-based regimes, grazing and cultivation; grazing, cultivation and contractual grazing; and grazing, cultivation and fodder production were found to account for 60 %, 13.3 % and 5 %, respectively. On the other hand, crop-based agropastoralism was comprised of the crop-dominated cultivation and grazing (21.7 %) enclosure regime. Although the introduction of enclosures has led to reduced migration with livestock and more sedentary lifestyles, the results show that livestock production is still the mainstay of most agropastoral households in Chepareria as evidenced by the dominance of the livestock-based enclosure regimes in Table 2 .
On location basis, Chepkopegh (85.0 %) and Morpus (86.7 %) are dominated by livestock-based management regimes while crop-based enclosure regimes only accounted for 15 % and 13.3 %, respectively. The grazing, farming and contractual grazing regime is higher in Chepkopegh compared to Morpus at 15.1 % and 10 %, respectively, while grazing and farming is higher in Morpus (76.7 %) than in Cheptiangwa (66.7 %). As opposed to the previous two locations, Ywalateke is a mixed farming area with livestockand crop-based management systems accounting for 56.7 % and 43.3 %, respectively. The farming and grazing regime accounts for the highest enclosure management system at 43.4 % compared to grazing and farming at 30 %. Farming, grazing and fodder production and grazing, cultivation and contractual grazing are practised equally in Ywalateke at 13.3 % (Table 2) .
Factors influencing the choice of enclosure management regimes
Of the eight factors hypothesized to influence the choice of enclosure management regimes among agropastoralists in Chepareria, only four factors (number of livestock owned, household income, agroecological zonation and land tenure) were significant as indicated in Table 3 . A significant positive correlation exists between enclosure management systems and household income (P ≤ 0.05) and number of livestock owned (P ≤ 0.05). On the other hand, a significant negative correlation between enclosure regimes and agroecological zonation (P ≤ 0.01) and land tenure (P ≤ 0.01) was detected.
Discussion
Enclosure management regimes/systems
Enclosure management regimes showcase the various possible combinations of production practices carried out by individual enclosure owners on rehabilitated land. The presence of different enclosure regimes in the formerly degraded lands provides enclosure owners in Chepareria with the opportunity to enhance flexibility in fodder production, land and livestock management. This enables them to ensure that restored areas do not revert to their previously degraded state, optimize on land use and diversify livelihoods to cushion households from various climatic and market shocks.
Enclosure management regimes integrate various land use options or enterprises as enclosure owners attempt to optimize and diversify on land use. Livestock-based management regimes are livestock-dominated systems whose main objective is to support livestock production. They also integrate other complementary or subsistence land use practices to either support livestock production or for sustenance. On the other hand, crop-based regimes are cultivation-dominated management systems whose main goal is to produce food crops for own consumption or for sale. Similarly, they also integrate other complementary or subsistence land use practices.
Livestock-based enclosure management systems
Variations observed across the locations in the adoption of the grazing and cultivation enclosure management system can be attributed to climatic differences across the study area. Morpus and Chepkopegh locations are in the drier, low altitude regions of Chepareria (Agroecological Zone (AEZ V), while Ywalateke location which is on the lower slopes of Kamatira hills is in AEZ IV. Climate variability and rainfall unpredictability impede crop cultivation within the study area, except in Ywalateke which is humid and receives more rainfall. The grazing and cultivation management regime is practised by more enclosure owners in the drier locations of Chepareria, namely Chepkopegh (66.7 %) and Morpus (76.7 %), as indicated in Table 2 . The dominance of this enclosure regime in the drier areas of Chepareria is supported by previous studies which have observed that well-managed livestock production is more adapted and economically and environmentally efficient in drylands (Neely et al. 2009 ). It also requires limited capital investment (Kandagor 2005) . In Ywalateke, the stable climate and higher rainfall in the mixed farming livelihood zone (Fig. 2 ) enables individuals to engage in intensive livestock-and crop-based regimes; hence, it is only practised by 30 % of Ywalateke residents. The grazing, cultivation and contractual grazing management regime indicates that pastoralists are looking for possibilities to diversify income, as observed by Fratkin (2001) . Contractual grazing represents a grazing arrangement between households with relatively few animals and those who are better off during the dry season, hence creating access options to pasture for such households and income for the poor households (Beyene 2006 (Beyene , 2011 . This enclosure regime reaffirms observations in previous studies which indicated that contractual grazing presents a new form of income generation among enclosure owners, one which would be impossible if the entire range was held communally (Keene 2008; Beyene 2010) . Chepkopegh location has the highest percentage of enclosure owners who lease grazing at 15 % owing to the high potential of livestock production in the area. This is due to pasture availability owing to a favourable climate for pasture production and the large enclosure sizes, coupled with the recent developments such as the investments in a meat processing plant by the Kenya Meat Commission (KMC). Intensification of crop-based enclosure regimes such as maize production in Ywalateke has reduced the amount of land available for livestock-based regimes. Consequently, there is increasing demand for additional pasture which translates into high prices for contractual grazing. This tends to tempt some individuals into demarcating some parts of their enclosure for leasing out, hence practised by 13.3 % of the residents in the location. Morpus location located in the lowlands of Chepareria is in AEZ V. Since the region is dry with erratic rainfall, most individuals choose to maintain pasture for dry-season grazing; hence, land use integrating contractual grazing is practised by only 10 % enclosure owners in this location.
The grazing, cultivation and fodder production management regime integrates rearing of improved breeds, cultivation of maize and beans, and cultivation of high-yielding grass varieties. This regime has been necessitated by two factors: (1) reducing availability of natural pasture due to increasing uptake of crop-based regimes in the wetter regions of Chepareria and (2) intensification in livestock production (through improved breeds) and ready market for livestock marketable products, particularly milk. These factors necessitate households to practise fodder production in order to ensure sufficiency/stability in pasture availability and stability in milk production. The regime is therefore prevalent in Ywalateke location (13.3 %) located in the wetter regions of Chepareria. Notably, it is less practised in the drier areas of Chepareria by only 3.3 % and 0 % in Chepkopegh and Morpus locations. Under proper management, it is possible to optimize Chepkopegh and Morpus locations in zone V to this regime. However, rainfall and inadequate finances to invest in capital intensive practices such as irrigation are key limiting factors hindering enclosure owners in the location . Our results are similar to findings in previous studies which indicated that fodder production in enclosures not only enables enclosure owners to stock fodder for use during the dry season (Gaani et al. 2002; WOCAT 2003) but also presents opportunities for enclosure owners to earn income from sale of hay or grass seeds from the enclosure (Napier and Desta 2011).
Crop-based enclosure management regimes
The cultivation and grazing enclosure regime integrates intensive production of market-oriented crops and rearing of improved livestock breeds. Commonly cultivated crops within this regime include maize and beans. Individuals practising this regime tend to keep improved breeds which have higher productivity, particularly for milk, and higher demand in the market due to their productivity (milk and meat). Pasture availability for those inhabiting the wetter regions of Chepareria (Ywalateke) supports livestock production in this regime. This coupled with supplemental livestock feeds from crop residues maintains the production of livestock even during the dry period. It is therefore common in Ywalateke location (43.4 %), which is a mixed farming livelihood zone (Fig. 2) which can support rain-fed agriculture. The increasing practice of this regime in the wetter regions of Chepareria reaffirms the observation of others (BurnSilver 2007; Galvin 2009 ). They all reported increasing adoption of crop cultivation among pastoralists in East Africa who inhabit areas that can support rain-fed production.
Factors influencing the choice of enclosure management regimes in Chepareria
In Chepareria, enclosures were established to provide dryseason grazing reserves (Makokha et al. 1999; Kitalyi et al. 2002) . Initially, enclosures were only used as dry-season fodder reserves while livestock were grazed in the open range during the rainy season. However, the continuous establishment of enclosures in Chepareria has reduced the available communal land, hence restricting livestock grazing within individual enclosures only. With reduced communal and individual land holdings, the need to diversify and complement sources of household livelihood, particularly from land use among enclosure owners, is gaining momentum. While the dominance of livestock-based management regimes in our study reaffirms previous studies which report that enclosures in African rangelands were mainly established for livestock grazing (Gaani et al. 2002; Nedessa et al. 2005 ; Napier and Desta 2011), we have also observed agricultural diversification of land use among enclosure owners to include crop cultivation, contractual grazing and fodder/grass seed production.
Agroecological zonation
The upper altitude areas with wetter climates support more of rain-fed dependent production practices, hence the higher proportion of crop-based agropastoralism management systems and cultivation and grazing in Ywalateke. On the other hand, livestock-based agropastoralism regimes dominate further down the rainfall gradient. Variable and unpredictable rainfall in arid and semi-arid lands (ASALs) of sub-Saharan Africa (SSA) continues to curtail reliable crop production through rain-fed agriculture. The dominance of crop-based enclosure management regimes in the wetter regions of Chepareria supports previous studies that reported increasing adoption of crop farming among East African pastoralists inhabiting areas that support rain-fed agriculture (BurnSilver 2007; Galvin 2009 ).
Land tenure
Land ownership or lack thereof influences how individuals use their land. In Ethiopia, enclosure establishment through rangeland privatization by the state has been found to foster proper management and use of rangelands (McCarthy et al. 2003; Keene 2008; Napier and Desta 2011) . It also offers independence in land management and utilization of enclosures in Somaliland (Gaani et al. 2002) and allows enclosure owners to practise what they wish with their land (independence) and gain the accruing benefits as is the case in Chepareria, West Pokot (Saxer 2014) . While most individuals in Ywalateke have title deeds, those on the lower altitude areas (Chepkopegh and Morpus) still operate under the group ranch system although land boundaries are delineated and they have allotment letters/numbers (Saxer 2014) . Enclosure owners in Ywalateke are significantly practising crop-based management regimes compared to those in Chepkopegh and Morpus, although livestock-based management regimes tend to predominate.
Livestock owned
Households with large herd sizes are likely to adopt livestock-based management regimes in place of cropbased regimes. This can be explained by the underlying positive correlation between the number of livestock owned by a household and its income.
Household income
The observed positive correlation between enclosure management regimes and household income can be explained by the underlying correlation between household income and number of livestock owned. The rich households are more likely inclined than are the poor households to diversify land use options and by extension management regimes, since the former do not find sufficient feeds for their large herds during the dry season. Wealth stratification influences not only enclosure regimes but also the decision to enclose land (Beyene 2010) .
Conclusion
Enclosures were mainly established to address land degradation in Chepareria. However, the continuous adoption and adaptation of enclosures has also enabled agricultural diversification among enclosure owners in Chepareria as evidenced by the four enclosure management regimes identified. The dominance of livestockbased enclosure management regimes in Chepareria indicates that livestock production is still the mainstay of agropastoralists in Chepareria. More so, enclosure owners are increasingly engaging in crop-based enclosure regimes where and when rain-fed agriculture is possible for subsistence or for sale to satisfy existing market needs. With increasing flexibility on land use, livestock management and the adoption of alternative income-generating activities in Chepareria, enclosure owners may continue to diversify or intensify enclosure management regimes. However, agroecological zonation, land tenure, livestock owned and household income are significant factors which will continue to influence the choice of management regimes among agropastoralists in Chepareria. To ensure that restored areas in enclosures do not revert to their previous state, there is a need for research to be conducted to identify the impacts of enclosure management regimes/systems on rangeland rehabilitation in Chepareria.
